Introduction
One of the aims of monitoring is to provide information for ecological assessment, which can provide early warning of changes that could negatively affect species or ecosystems (Burger 2006) . Since it is impractical to monitor all biological and physical components, a few of them can be used as indicators of wider conditions. Biological components chosen with this aim are called bioindicators (e.g. Matsinos and Wolf 2003) .
Several aspects of the ecology of waterbirds make them useful as bioindicators. First, waterbirds have been shown to track environmental variations, at short (months) and long (years) temporal scales, and at both species and community levels (e.g. Nudds 1983; Amat et al. 1985; Guinet et al. 1998; Abraham and Sydeman 2004; Almaraz and Amat 2004; Rendón et al. 2008) . Second, because many species are top predators and several contaminants often accumulate along the trophic chain, such species may be used as indicators of changes occurring at lower trophic levels (e.g. Matsinos and Wolf 2003; Burger and Eichhorst 2005) . And third, either the waterbirds themselves or their prey are exploited by humans (e.g. hunting and fisheries), so that hunting bags of waterbirds may be indicative of productivity in nesting areas (Miller et al. 1988) or breeding parameters of birds may inform on fish stocks (Einoder 2009) .
In this chapter we give some examples of the usefulness of using waterbirds as bioindicators. We explain why in other cases the use of waterbirds as indicators may be more limited, and we also identify how the design of studies can improve the utility of indicators.
NUMBER OF INDIVIDUALS

Waterbirds as Bioindicators of Environmental Conditions
Several studies show that waterbirds may be used as bioindicators of conditions encountered in wetlands, at both local and regional spatial scales. A classical example is the response of some waterbirds to eutrophication of wetlands. In the Mar Menor lagoon of south-eastern Spain the great crested grebe, Podiceps cristatus, increased in abundance as eutrophication increased as a result of nutrient inputs into the wetland, resulting from intensification of agricultural practices in the basin of the lagoon (Fig. 5.1) . A parallel change in the number of grebes was not recorded in other sites of Spain, indicating that the increase in the Mar Menor lagoon did not result from external factors affecting the population at other spatial scales (Martínez Fernández et al. 2005) .
Another example of the effects of agricultural changes in wetlands is provided by coots in southern Spain. There, the red-knobbed coot, Fulica cristata, declined in the second half of the 20th century and is now threatened with extinction. This decline was largely attributed to changes in the agricultural practices in the basins of wetlands, which accelerated siltation rates, and therefore shortened hydroperiods, affecting the quality of food plants of coots. Indeed, the assimilation efficiency of coots was negatively affected when the quality of their food plants was low, which usually occurs in early summer when water levels start to decline (Varo and Amat 2008) . Therefore, the population dynamics of red-knobbed coots over long periods Fernández et al. 2005) (e.g. decades) could be used as indicative of changes occurring in wetlands at slow rates (e.g. siltation processes).
Agricultural changes may also have effects on waterbird habitats at large spatial scales. As a result of feeding on agricultural crops in winter and on migration, some populations of snow goose, Chen caerulescens, have increased by 7% per year and these increasing numbers have had a strong negative long-term effect on intertidal salt-marsh vegetation at an Arctic coastal breeding site, located 5,000 km from wintering sites. Here, goose grubbing caused loss of vegetation and salinity of bare ground precluded re-establishment of vegetation (Abraham et al. 2005) .
Changes in the nutrient budget of wetlands are not only due to the effects of human activities, and may be a result of the activities of the birds themselves, as shown by research on northern fulmars, Fulmarus glacialis, nesting on cliffs above a coastal plain with freshwater ponds (Michelutti et al. 2009 ). Fulmars behaved as biovectors that transported important quantities not only of nutrients, but also of contaminants, from the sea to the ponds. These ponds contained more chlorophyll, chironomids, and contaminants than those not affected by bird activity. These indicators of bird activity could be used to track population changes in other bird species for which chironomids are an important food source (Michelutti et al. 2009 ).
The monitoring of breeding colonies of waterbirds may provide information on the conditions of wetlands used for feeding. The main colony of greater flamingos, Phoenicopterus roseus, in southern Spain is located at Fuente de Piedra lake, but the birds mainly forage in the Guadalquivir marshes, located 130 km from the nesting site (Rendón-Martos et al. 2000; Amat et al. 2005) . Here, colony size was affected by water levels in the foraging site ( Fig. 5.2) .
Limitations on the Use of Waterbirds as Bioindicators
As shown above, there may be important relationships between waterbirds and biotic and abiotic factors of wetlands, and the effects of the birds in these habitats may have important consequences on food webs. This justifies the incorporation of waterbirds into biomonitoring programs. Nevertheless, some have questioned the usefulness of waterbirds as bioindicators (Green and Figuerola 2003; Piatt et al. 2008) .
The main criticisms come from the lack of relationships between the diversity of waterbirds and that of other organisms. Community concordance measures the degree to which patterns in community structure in a set of sites are similar between different taxonomic groups (Paszkowski and Tonn 2000) . Concordant patterns have been found among guilds of waterbirds, and even between waterbirds and fish in several lakes Tonn 2000, 2006) , indicating that monitoring the status of one group may provide a useful bioindicator of the status of other groups (Paszkowski and Tonn 2006) . However, such patterns may not be so evident in other cases. For instance, the similarity among a set of lakes in southern Spain in their waterbird communities is 
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Fig. 5.2
Relationship between the size of a breeding colony of greater flamingos Phoenicopterus roseus at Fuente de Piedra lake and rainfall recorded during the preceding months at the marshes of the Guadalquivir in southern Spain (from Rendón-Martos 1996) . The marshes are located 130 km from Fuente de Piedra, and are the main foraging site of flamingos breeding at the lake very different to the similarities in their zooplankton or submerged macrophyte communities (Amat et al. 1985) . Also in these lakes, the diversity of waterbird guilds (ducks, shorebirds) differs according to water levels (Amat 1984) . In the case of highly dynamic wetlands, the responses to environmental variations may vary according to type of organisms, since different types of organisms may not perceive environmental variations in the same way. Under these circumstances, monitoring one group may not be a useful bioindicator of the status of another group. Another difficulty of using waterbirds as bioindicators is related to their high mobility throughout the year. Migratory populations are subject to changes occurring not just in an area, but right across the migratory flyway. Even on a daily scale, their high mobility complicates their use as indicators. Although there may be a positive relationship between the size of wetlands and the number of waterbirds using them (Amat 1984; Nudds 1992; Weller 1999, Fig. 5.3) , there are also cases in which such a relationship is not found, which may be explained in part by the differential use of wetlands throughout the day by waterbirds. Thus, many dabbling duck species use some wetlands for resting during the day, but forage in different wetlands during the night (Tamisier and Dehorter 1999) . As waterbird counts are usually conducted during the day, trying to establish a relationship between biotic and abiotic factors of wetlands that are used as roosting sites and the carrying capacity of such wetlands for ducks may be misleading (Yésou 1983) . Therefore, when considering the use of waterbirds as bioindicators, the identification of biologically meaningful parameters is vital. Also, because wetlands are highly dynamic ecosystems, it may be difficult to "capture" this variability by biomonitoring a single group of waterbirds. For a monitoring program to be successful, specific quantitative objectives should be defined, the objectives should be expressed as null hypotheses, and the sampling and analysis plan should be designed to test these hypotheses (Segar et al. 1985) .
NUMBER OF SPECIES
Which Indicators Are More Relevant?
There are species that indicate areas of high diversity, and others that measure environmental changes (Caro and O'Doherty 1999) . The relevance of indicator species should depend on the aims of the monitoring program.
In the case of species indicating diversity hotspots, the monitoring of such species may be enough to assess the conservation status of the entire area. For instance, the red-knobbed coot is found in Morocco in wetlands with a high diversity of submerged macrophytes (Green et al. 2002) . Here conserving the aquatic plants would ensure the conservation of the coot, but the monitoring of coots would be an efficient surrogate for the more difficult task of monitoring the vegetation. In the case of species that measure environmental change, some population parameters (e.g. nesting success, dynamics), may be used as indicators (e.g. Fig. 5.2 ).
Because the natural environment affects many physiological processes, waterbird physiology can provide information to detect stressors and to predict possible negative effects on populations. For instance, interannual variations in the body condition of flamingo chicks are linked to variations in several blood parameters, which reflect the feeding conditions encountered by adults (Amat et al. 2007 ). Long-term temporal changes in diets can also be examined with the use of stable isotopes in both tissues of museum specimens and live individuals (Chamberlain et al. 2005; Becker and Beissinger 2006) . The heat-shock protein response may have also applications in biomonitoring, because of their responsiveness to stressors (Feder and Hofmann 1999) .
Traditionally, the most basic objective of biomonitoring has been to detect trends. Although in some countries there may be databases that cover long periods of time, in some other countries such information may be scarce. Errors in trend analysis may be more likely with limited databases and can have serious consequences. Hence, the trends detected by a monitoring programme should be evaluated with power analysis (Lougheed et al. 1999) .
Conclusions
Birds are popular subjects for research and monitoring, and long-term datasets of waterbird counts often provide a useful resource as indicators of ecological change. However, different waterbird species undergo population fluctuations for different reasons, and a thorough knowledge of the ecology of a given species is required if trends are to be interpreted correctly. Waterbirds do not merely respond to environmental change, they can also be the cause of change as their populations increase, due to overgrazing or because they act as vectors of nutrients and contaminants. In some cases birds may not respond to wetland characteristics in the same way as other groups of organisms, in which case birds may not be considered as surrogates of other organisms in biomonitoring programs. In other cases, however, birds can be reliable indicators of nutrient status, fish stocks or the abundance of aquatic plants. As the difficulties inherent in monitoring some groups of organisms (e.g. aquatic vegetation) might be best avoided if a reliable indicator is available, in these last cases birds may be considered as relatively easily measurable surrogates. When using waterbirds as indicators, clear objectives for the monitoring programme are essential.
